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1 Background

In this contribution we discuss and propose band arrangements in the 3.5 GHz and 4.5 GHz ranges with a view to
1. achieve harmonized band plans given spectrum allocations;
2. facilitate LTE + NR (NSA) and simultaneous use with 5 GHz (eLAA/Wi-Fi);
3. facilitate coexistence with radar altimeters in the range 4.2-4.4 GHz.
The frequency allocations in these ranges made, considered or discussed for use of mobile services (IMT) are shown in Figure 1.
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Figure 1: frequency allocations for IMT in the 3.5 GHz and 4.5 GHz ranges.

The band 4.2-4.4 GHz is exclusively allocated to the radar altimeter service.
2 Sharing with radio altimeters in 4.2-4.4 GHz 
RAN4 has not yet decided on the necessity of carrying out coexistence studies between NR and radio altimeters in the 4.2-4.4 GHz, the implication of which may be restricted operations near the said altimeter band. There are no regulatory limits for the mobile service for protection of altimeters; the adjancent bands 3.8-4.2 GHz and 4.4-4.8 GHz are not yet widely identified for IMT by admistrations. 
In Japan the bands 3.6-4.2 GHz and 4.4-4.9 GHz are considered on an equal footing. Sharing between LTE and radar altimeters was considered in a study sponsored by the Japanese regulator MIC during 2016. The study report is not yet available, but there is a provisional indication that for LTE/IMT guard bands of several 10 MHz are needed towards the altimeter band in order to reduce interference. It has also been observed that altimeters are used by helicopters, which means the area where the altimeter is used is not necessarily limited to the vicinity of airports.

Considering that the time scale for any regional or global identification of the bands 3.8-4.2GHz and 4.4-4.8GHz are far beyond that of the NR WI, it was proposed in [1] that RAN4 studies the desensitization and blocking of radio altimeters for the 3.8-4.2GHz and 4.4-4.8GHz ranges in view of the number of UEs and base stations that could potentially interfering with radio altimeters (aggregate interference).
Initial results for NR single-link compatibility (one BS or UE aggressor) were presented in [1] both for desensitization in of the and blocking (receiver overload) of altimeters, it was observed that 
Observation 1: for a single BS, there is a risk of altimeter receiver overload unless geographical coordination (separation between the aggressor and altimeter victim) is used. This risk will also decrease with frequency separation. The spurious emissions from the single BS into the receive band of an altimeter is likely to be less problematic in practice and will also be reduced by using geographical coordination; frequency separation is needed if the BS is deployed in the immediate vicinity of altimeter usage. 
Observation 2: altimeter de-sense or blocking from UE operation in B42/43 should not be an issue, similarly for NR operation up to 100MHz TX bandwidth in the 3.3-3.8GHz and 4.8-4.99GHz frequency ranges.

Observation 3: to avoid both radio altimeter blocking and de-sense about 80dB of attenuation of the UE signal is needed before reaching the victim receiver (one aggressor UE).
The results indicate that interference from a single UE at 23 dBm output power is already marginal for altitudes up to 400 m given the altimeter characteristics in the ITU-R Rec. 2059-0.

The case of multiple BS and UE requires further study as already indicated by the results of the MIC study for Japan. Given the indications of the latter that guard bands towards the altimeter bands are needed, RAN4 should consider the specification of NS values with associated UE power reduction for channels deployed adjacent to the altimeter band. In this way it may be possible to specify NR operating bands up/down to 4.2/4.4 GHz and still claim that compatibility with the radio altimeters is possible. NR bandwidth restrictions next to the altimeter band could also be considered, although this cannot be strictly mandated by 3GPP specifications (e.g. restrictions of bandwidth configured by the gNB). 
Given the UE measurements in [2], A-MPR in combination to channel BW and position in the upper 100MHz of 3.3-4.2GHz and lower 100MHz of 4.4-4.99 seem appropriate as can be illustrated by in Figure 1 reproduced from [2].
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Figure 1: Emissions in 100MHz and 200MHz bandwidth for 20MHz (left) and 100MHz (right) NR CP-OFDM QPSK signal at Pmax
The following observations can be made:
· A 100MHz shift of 100MHz signal improves interference by more than 15dB thus it seems reasonable to allow full power 100MHz CH BW allocations for channel positions 100MHz away from radio altimeter band.

· For 100MHz CH BW allocations in the 100MHz adjacent to radio altimeter band, A-MPR will be required.

· For 20MHz channel BW the rapid decaying of the interference may allow to restrict the A-MPR to the first adjacent 40-60MHz

Proposal 1: 

· RAN4 should consider the specification of NS values with associated UE power reduction for channels deployed adjacent to the altimeter band. 

· A-MPR values versus Channel BW and position within the 100MHz adjacent to radio altimeter band is FFS.

3 Operating bands for the 3.5 GHz range
3.1 3.3-3.8 GHz

Specification of an 3.3-3.8 GHz band would facilitate compatibility with altimeters in regions where 3.8-4.2 GHz is not allocated, and allow simultaneous use with LTE and NR in other ranges. 
Observation 4: A 3.3-3.8GHz band definition enables NSA operation between B42/43 and 4.4-4.99GHz NR frequency range as synchronous LTE/NR operation is not guaranteed. NR 3.5GHz - NR 4.5GHz CA combination can also be supported without synchronization constraints. The band can also be reused to support B42/43/48/49 LTE and associated CA combinations
When implementing a HPUE, it can be confined to the lower 3.3-3.8GHz sub-band and its performance can benefit from the smaller bandwidth. The upper sub-band can then stay optimized for 23dBm operation.

Observation 5: A 3.3-3.8GHz band definition enables improved implementation of HPUE and mitigates the overhead for the part of the band where HPUE is not supported by regulation
The band definition limits the number of harmonic or IMD issues related to NR NSA dual connectivity: e.g. 5th harmonic of B5, 18, 19, 20, 26 LTE UL fall inside 3.3-4.2GHz but outside 3.3-3.8GHz and are all NSA combinations
Observation 6: A 3.3-3.8GHz band definition avoids consideration of a too large bandwidth when studying potential harmonic and IMD products resulting from LTE+NR NSA operation
3.2 3.3-4.2 GHz
An additional operating band 3.3-4.2 GHz specified in addition to the 3.3-3.8 GHz band would cover the range 3.6-4.2 GHz considered in Japan and be harmonized globally, but should be specified with NS values and associated UE power reduction for channels deployed adjacent to the altimeter band. NR bandwidth restrictions next to the altimeter band could also be considered for this range e.g. restrictions of bandwidths that should be configured by the gNB. 
Furthermore, in case B42 LTE + 4.5GHz NR NSA operation may require synchronization as a 200MHz gap is not sufficient to enable frequency diplexing, similar conclusions hold for NR 3.5GHz + NR 4.5GHz CA combinations.  
4 Candidate operating bands for 4.5 GHz range

4.1 4.4-4.99GHz
An operating band 4.4-4.99 GHz specified in addition to the 4.8-4.99 GHz band would cover the range 4.4-4.9 GHz considered in Japan and the allocation 4.8-4.99 GHz allocated in China (see 4.2), but should be specified with NS values and associated UE power reduction for channels deployed adjacent to the altimeter band. NR bandwidth restrictions next to the altimeter band should also be considered for this band. 
Besides the altimeter protection at the lower edge of this band, the other issue is NR band concurrent operation with B46 LTE/NR and Wi-Fi as already stated in [2]; the issue comes from the small separation (150MHz) between this band and the WiFi/LAA Band 46. Frequency diplexing of these two band is very challenging and de-sense can be anticipated for both lower channels of band 46 and upper channels of 4.4-4.99GHz NR bands.
4.2 Consideration of a separate 4.8-4.99 GHz band
Specification of an operating band 4.8-4.99 GHz would facilitate compatibility with altimeters in regions where 4.4-4.8 GHz is not allocated and allow simultaneous use with LTE and NR in other ranges including NR CA between 3.5GHz and 4.5GHz. 
The choice of 4.8-4.99 GHz is spurred by recent notifications by the Chinese regulator MIIT on allocation of IMT-2020 in the range 4800-5000 MHz in China (in addition to 3300-3600 MHz)
1. 3300-3600MHz and 4800-5000 MHz are allocated as IMT-2020 operation bands.

2. The stations of IMT-2020 system operating in 4990-5000MHZ band should not cause any harmful interference to the radio astronomy stations listed in the footnote CHN12 in the “ People’s Republic of China regulations on the radio frequency table” . 

Additionally this narrower band may enable a specific high Q acoustic filter that would reduce de-sense of B46. This may be worth studying but would not alleviate the issue of de-sense due to concurrent operation with signals in the lower part of Band 46.

This option may be further studied in combination with a 4.4-4.9GHz band which would benefit from an extra 100MHz of gap from B46 (250MHz in total) thus enabling a better frequency duplexing and lower de-sense in concurrent NR/B46 operation.
5 Proposal
We make the following proposals:
Proposal 1: for the 3.5 GHz range, an operating band covering 3.3-3.8 GHz shall be specified in addition to an operating band covering 3.3-4.2 GHz.

Proposal 2: for the 4.5 GHz range, and operating band covering 4.4-4.99 GHz shall be specified.

Proposal 3: for the 4.5 GHz range, a 4.8-4.99 GHz sub-band should be studied. Companies are invited to provide feedback on the feasibility of concurrent operating with the lower part of Band 46.
Proposal 4: 

· RAN4 should consider the specification of NS values with associated UE power reduction for channels deployed adjacent to the altimeter band. 

· A-MPR values versus Channel BW and position within the 100MHz adjacent to radio altimeter band is FFS.

Proposal 5: BW restrictions (e.g. in the gNB channel arrangement) should be considered within the 100MHz adjacent to radio altimeter band.
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